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Chapter 3: Antigen Recognition by B-cel! and T-cell Receptors 



3-2 Immunoglobulin heavy and light chains are composed of constant \ 
and variable regions. 

The amino acid sequences of many immunoglobulin heavy and light chains 
have been determined and reveal two important features of antibody mole- 
cules. First, each chain consists of a.series of similar, although not identical, 
sequences, each about 110 amino acids long. Each of these repeats corre- 
sponds to a discrete, compactly folded region of protein structure known as 
a protein domain. The light chain is made up of two such immunoglobulin 
domains, whereas the heavy chain of the IgG antibody contains four (see Fig. 
3.1a). This suggests that the immunoglobulin chains have evolved by repeated 
duplicatiori of an ancestral gene corresponding to a single domain. 

The second important feature revealed by comparisons of amino acid 
sequences is that the amino-terminal sequences of both the heavy and light 
chains vary gready between different antibodies. The variability in sequence 
^ is limited to approximately the first 110 amino acids, corresponding to the 
first domain, whereas the remaining domains are constant between 
immunoglobulin chains of the same isotype. The amino-terminal variable or 
V domains of the heavy and light chains (Vh and Vl, respectively) together 
make up the V region of die antibody and confer on it die ability to bind 
specific antigen, while the constant domains (C domains) of the heavy and 
light chains (Ch and Cl. respectively) make up the C region (see Fig. 3.1b, c). 
^ The multiple heavy-chain G domains are numbered from the amino-terminal 

end to the carboxy terminus, for example ChI, Ch2, and so on. ^ 

3-3 The antibody molecule can readily be cleaved into functionally 
distinct f ragments. 

The protein domains described above associate to form larger globular 
domains. Thus, when fuUy folded and assembled, an antibody molecule 
comprises three equal-sized globular portions joined by a flexible stretch of 
polypeptide chain known as die hinge region (see Fig. 3.1b). Each'arm of diis 
Y-shaped structure is formed by the association of a light chain with die 
amino-terminal half of a heavy chain, whereas the trunk of die Y is formed by 
the pairing of the carboxy-terminal halves of the two heavy chains. The asso- 
ciation of the heavy and light chains is such diat the Vh and Vl domains are 
paired, as are the ChI and Cl domains. The Ch3 domains pair widi each odier 
but the Ch2 domains do not interact; carbohydrate side chains attached to 
the Ch2 domains lie between the two heavy chains. The two antigen-binding 
sites are formed by the paired Vh and Vl domains at die ends of the two arms 
ofdieY (see Fig. 3.1b). 

Proteolytic enzymes (proteases) diat cleave polypeptide sequences have been 
used to dissect the structure of antibody molecules and to determine which 
parts of the molecule are responsible for its various functions. Limited digestion 
widi the protease papain cleaves antibody molecules into three fragments 
(Fig. 3.3). Two fragments are identical and contain the antigen-binding activity. 
These are termed the Fab fragments, for Fragment antigen binding. The Fab 
fragments correspond to die two identical arms of die antibody molecule, 
which contain the complete light chains paired widi die Vh and Ch 1 domains 
of die heavy chains. The odier fragment contains no antigen-binding activity 
but was originally observed to crystallize readily, and for this reason was 
named die Fc firagment, for Fragment crystallizable. This fragment conre- 
sponds to the paired Ch2 and Ch3 domains and is die part of die antibody 
r molecule diat interacts with effector molecules and cells. The functional 
differences between heavy-chain isotypes lie mainly in die Fc fragment. 



structure of a typical antibody molecule 




Fig. 3.3 Th Y-shap d Immun globu- 
lin m I cul can b diss ct d by 
partial dig stion with prot as s. 

Papain cleaves the immunoglobulin 
molecule into three pieces, two Fab 
fragments and one Fc fragment (upper 
panels). The Fab fragment contains the 
V regions and binds antigen. The Fc 
fragment is crystallizable and contains C 
regions. Pepsin cleaves immunoglobulin 
to yield one F(ab')2 fragment and many 
small pieces of the Fc fragment, the 
largest of which is called the pFc' frag- 
ment {lower panels). F(ab')2 is written 
with a prime because it contains a few 
more amino acids than Fab, including 
the cysteines that form the disulfide 
bonds. 



The protein fragments obtained after proteolysis are determined by where the 
protease cuts the antibody molecule in relation to the disulfide bonds that link 
the two heavy chains. These lie in the hinge region between the ChI and Ch2 
domains and, as illustrated in Fig. 3.3, papain cleaves the antibody molecule 
on the amino-terminal side of the disulfide bonds. This releases the two arms 
of the antibody as separate Fab firagments, whereas in the Fc fragment the 
carboxy-terminal halves of the heavy chains remain linked. 

Another protease, pepsin, cuts in the same general region of the antibody 
molecule as papain but on the carboxy-terminal side of the disulfide bonds 
(see Fig. 3.3). This produces a firagment, the F(ab02 fragment, in which the 
two antigen-binding arms of the antibody molecule remain linked. In this 
case the remaining part of the heavy chain is cut into several small firagments. 
The F(ab')2 fragment has exacdy the same antigen-binding characteristics as 
the original antibody but is unable to interact with any effector molecule. It is 
thus of potential value in therapeutic applications of antibodies as well as in 
research into the functional role of the Fc portion. 

Genetic engineering techniques also now permit the construction of many 
different antibody- related molecules. One important type is a truncated Fab 
comprising only the V domain of a heavy chain linked by a stretch of 
synthetic peptide to a V domain of a light chain. This is called single-chain Fv, 
named fi:om Fragment variable. Fv molecules may become valuable thera- 
peutic agents because of their small size, which allows them to penetrate 
tissues readily. They can be coupled to protein toxins to yield immunotoxins 
with potential application, for example, in tumor therapy in the case of a Fv 
specific for a tumor antigen (see Chapter 14). 



